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& Introduction =

-LFV is established but only in neutral neutrino, what about charged
partners?

- Lepton Flavor Violation (LFV) in charged leptons has negligible probability in
the Standard Model (SM) even including neutrino oscillation

- LFV is a clear signature of New Physics
Many extensions of the SM predict LFV decays, B.F. can be enhanced as
high as current experimental sensistivity 0(10-3)

- most powerful searches in muons and 1's: taus has a "per particle”
advantage GIM suppression is smaller than in muons; but high statistics in
muon beams.

- Tau is the heaviest lepton:

- expect strong coupling to NP
* many possible LFV decays - Tau's are ideal probe of NP
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=~ Tau Lepton Flavor Violation
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Ratio of Tau LFV decay BF: discrimination of NP models
JHEP 0705, 013(2007), PLB54 252 (2002)

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated 7’ boson
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& Analysis strategy

Tag side: one prong decay + neutrino B.R. 85%

. . Signal side: full reconstruction
Signal side H
0l
L Extract signal from M, vs AE
T
€ € M, \/EMW - puuu
T AE = ECM _EM Example: T 2 puup
generic T decay beam — ~ ' [ ' '
\ %O.?_- mu## . mr i
< 36 ellipse: blinded
\ . ~ o ellipse: blinded region
! Tag side % .....

* Blind analysis
* Background estimation from data
and MC in the sidebands

. " * - I 2
8/12/15 C. Cecchi m (GCV/C )




PPPPP N by >
/O

~~  Background contamination ™=
2photon process
signal f=leptons,quarks
signal side

. ®Neutrinos in both sides
®Missing energy in signal side

radiative Bhabha process

VtY: tag side E '\Lv

®Neutrino(s) in tag side
®Particle ID Z

®many

17‘/\ tracks
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. T>3 leptons

BELLE data set: 782 fb-!
No events have been
found in the signal region

Very good lepton ID -
almost no bckgnd
Expected bckgnd events :
0.01 - 0.21

0. 21+0 15

O 0.04%0.04 7.8 1.8
10.1 0.02%0.02 7.6 1.7
11.5 0.01%0.01 7.7 1.5




BELLE data set: 854 fb-!

14 decay modes
h, h' = «*-, K*-
T- 2 I-h*h’- (8 modes)
T- 2 I*h-h’- (6 modes)
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Mode e (%) NaG Neos B(107%)

s ura | 583 063+023 0 2.1

st | 655 033016 1 3.9

rsema | 545 055+023 0 2.3

 setra | 656  037+0.18 0 2.0

T SU KK | 285 050=018 0 14 Lowest U.L.

KK | 298 025£013 0 4.7

- e KK | 429 017£0.10 0 3.4

e KK | 464 006+£006 0 3.3

 ou K- | 272 072+027 1 86 Highest U.L.

r —senK | 397 018+0.13 0 3.7

oK | 262 064+023 0 4.5

e K'n | 407 055+£031 0 3.1

oK | 255 056+021 0 4.8

ek | 400 046+021 0 3.2
1 event in the signal region in
-~ and in p-w*K- Br< (2.0-8.6) x10-8 @ 90% C.L.
expected bckgnd events 0.06 - (Phys. Lett. B719, 346 (2013))
0.72
Improvement w.r.t. to previous . ;

limit by a factor of about 1.8



D

= T>AhAh (h=mr,K) _ -

T_—>AT[ K T — ATC 5 43
BELLE data set: 904 fb-! P’ P
4 decay modes --------
h==« K
T- > Ah- (B-L conserving) SN S A AT N L
T- > Ah- (B-L violating) sl B B e T N R
Ks VETO PROTON VETO tag side
B = mis- an’;‘:p .
e\\," /\'ﬂr ) : \ ﬂ
Tf\\i'-/----.l& ...... \f}\ /,}/ _
~——F \‘r i 1\0\7 | t
: s / b | reject!
‘E'V‘r 6+ o B L 8 p €+ o e+ i

0 05 1
P(p'x) for the hadronic tag-track
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“ T>AhAh (h=n K)

No events have been

0.4 p- . I 0.4 - . o A
8 (o) 77 =>Fn .- 8 (b) 77 A" . found in the signal region
<02 el <02t llel
e .. L e :
o_‘:::::@::;: o—_:._:::::::, Expected bckgnd events :
REREL-; TREY 3 EEELS Sunnay 021 - 0.42
-0.2 F. . .t ceame - . -0.2 4“.‘ P
.......... o 9. . g .
04 b el SRR SOURe
R JOPRER Y ’ .:I. « P90 Mode & (%) Ngc Nops B (107%)
" V“?m,r,) 7 M“'BN/C,) T > Ar | 480 021:0.15 O 2.8
coa T o e T A | 439 031:008 0 3.0
S (c) 7" —=>7AK". S Co(d) TN T —-AK | 411 031+£0.14 0 3.1
402 o €02 - A T —-AK | 316 042+0.19 O 4.2

L STEEEET L eenaite® s UL @ 90% CL.
el e Tt Br(T-2AT) < 2.8x10°8 |
ot S Br(1-9AK) « 3.1x10°8 [ Bheons:
(preliminary) .. (Gev/e) Mo (GeV/c?) BP(T-%/\T[') < 3.0x108 '- B-L viol.
Br(t-2>AK") < 4.2x108 |
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BMELLE data set: 535 fb-! T% UV

Main backgrounds: : ,
T S pw + ISR
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Summary of recent tau LFV search@ies
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HFAG-Tau

CLEO
BABAR
Belle
LHCb
HFAG CLs

48 decay modes investigated - 100 x more sensitivity w.r.t. CLEO

results

LHCb, results on 3 leptons comparable to B-factories
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Su pe rKE KB _ Comgbuctes

Belle Il -
—— P
New IR

A—

N m:mﬁmg
/New beam pipe il quads near the IP
& bellows ‘

Replace short dipoles . g
with longer ones (LER) / m

) | |

fo bighes be KEKB superKEKB
R T Low caiecco pocirous |~~; Vertical B function: 5.9 mm - 0.27/0.30 mm (x20)

Positron sourc

e Beamcurrent: 1.7/1.4A - 3.6/2.6 A (x2)

capture sec
&

Redesign the lattices of HER & Dampingring (S

LER to squeeze the emittance ‘l :

. . . L itta
TiN-coated beam pipe with ow emitance gun

antechambers Low emittance electrons
to inject
L=8-103% s-1cm-2
X 40 Gain in Luminosity Beam-beam parameter
Lorentz Beam current

factor
NANO-BEAM scheme: \\
- Smaller p,° LJ%(”

[NEG Pump)

[SR Channel]

Lumi. reduction factor
(crossing angle)&

2§ ! O Tune shift reduction factor
- Increase beam current (hour glass effect)
lassical electron 0.8 ~1
- Increase g adius / (short bunch)
C. Cecclgeam size ratio@IP Vertical beta function@IP 14

1 ~2 % (flat beam)



e Detector upgrade

Belle |l detector upgrade Critical issues @8x10% s-lcm-2

RPC p & K| counter:

= - saniaer-si# -Higher background (x10-20)

Belle Il

. _for end-caps

- radiative Bhabha dominate

5 - radiation damage, occupancy
* pile-up in ECL

~ -Higher event rates (x10)

y — * higher trigger rates (0.5 >

Woroes  3KHz)

W counter arren, | - DAQ

~»~,.p[q)‘(_._ focusing Aerogel

Csl(Tl) EM calorimeter:
waveform sampling\\ \
electronics, AN
pure Csl
for end-caps
\__:\.
S—

4 layers DSSD —
2 layers PXD
(DEPFET) + )
4 layers DSSD 7

Central Drift Chamber:
smaller cell size,

e wonvara,,  -TMPROVEMENTS
* hermeticity (kn-ID p-ID
endcap)
TDR arXiv: 10110352 « IP anfi secondary vertex
resolution

 Ks and n° efficiency
« K/w separation
* 4-ID and PID endcaps
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Schedule

v' SuperKEKB construction is finished

v' startup for Phase 1 are in progress.

JFY2010 | 2011 2012 2013 2014 2015 2016 2017

Now (June, 2015)

Phase 2 commissioning:

- Squeezing beta at IP

- Beam collision tuning

- Start physics cljata taljiig_

Phase 3:

KEKB was shut down in 2010. Dismantling
KEKB  and construction for upgrade was started.

SuperKEKB construction

(About 10 years)

Star’Fu.p, - Physics run with
condition | ¢, Belle Il with VXD
Phase 1 commissioning: _ -ing, etc. I ~/ o
- Basic machine tuning ——; ~ Phase1 Phase2, 3
- Low emittance beam tuning ! SuperKEKB
- Vacuum scrabbing ! operation
|

>
Installation of Belle and QCS m——
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"""""""""""" Lummosu’ry profile and LHCb

SuperKEKB luminosity projection

70¢
60:— . . ) Y ) n o ‘ , R LHCb collect 5-7 fb~" collect 15 fb-!
£ “F  Goalof Belle 11/SuperKEKB -
£ 50: 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
5.—; 403_ ‘ ‘ LHCLS1 LHCRun I LHC LS2 LHC Run il i
B .g E +ppruns 13TeV @25 ns « ppruns 14 TeV @25 ns
E 305_ g. -I-“! LI LI LI LI __l___l___l_ L LI !‘ LI L] _l___'___l__ LI }‘I’Z
o . e earem e b anemet weamerhke A pancce eech amem memem mene e -
£ af g e 1t Projeciion IFeb..?@.!?) .................
T = NSRS NS SRR NS S N P s i
x10% 9 ] 2
2 : CQmmissioning starts 5 10l AL
g _ 6 inearly2016. = ' £ — — —
£ 4 Shutdown . e [ - ——
S € _[ forupgrade ‘ NGO 0= AU SRR SRS SN SO SUS S SO i
™ s 2 — - 1 p~ 1 I B L I T T Y S T T e i
P4 0: 1 e I 1 [ §
o 2016 2018 2020 2022 2024 . e A
Calendar Year ~LHCb 1Y
e — ——— — :::::::ffff—Belle Lab
2014 2015 2016 2017 2018 2019 2020 '2'02'1' '2'02'2' 2023 2024
Year (end

Golden modes are different for the two

experiments and also cross sectionsl!
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""""""""""""" Ingredients for the fuTure
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The full range of t LFV is only accessible at a Super B factory
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Conclusions

Tau lepton is a good probe for NP searches like LFV
B factories produced a huge data sample O(10°) tau pairs

BELLE:

* 48 LFV decay modes have been investigated 100x sensitive results
w.r.t. CLEO

* 90% C.L. Upper Limits have been set in O(10-8)
* 7 >py/ey will be updated with the full data set

BELLEII:

« machine upgrade is finished and detector upgrade is ongoing smoothly
* detector improvement will play a key role in background elimination and
reduction of systematic effects

« start of full physics 2018, reach 50 ab-! by 2023-2024

* LFV will be probed up to O(10-° - 10-19)

LHCb can investigate some modes; sensitivity comparable to B factories

Heal’rh? competition with LHCb is very important to go forward

ecchi 20
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Belle I

Ca:(‘fe';‘:ar 2016 2017
TOP-AI-I m::ulesinstaued VXD(;SVD+P D)
coc
ARICH _’ Phase-3

FWD/BWD Endcap_’
Global Cosmic Ray Run = Phase-2

Commissioning Roll-in © q
detector (Beast2)

Talk by H. Nakiyama -} Q(i’
Phase-1 #
BEAST phase 1 2016 BEAST/SuperKEKB & cosmics

BEAST phase 2 Mid 2017- Early 2018 BEAST with Partial Belle |l
Full physics Oct 2018- Full detector
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